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(54) PIEZOELECTRIC ACTUATOR 

(57)Abstract 

PROBLEM TO BE SOLVED: To obviate a projected portion to be 
brought into contact with an object to be driven for reduction in 
size, by forming inside a driving block displacement mechanism 
portions ends on one side of which are fixed on the driving block 
and ends on the other side of which are free, and sticking a 



piezoelectric element to the displacement mechanism portion. 
SOLUTION: An alternating-current voltage from a signal generator 
19 is input to a driver 20 and amplified, and further part or alt of a 
plurality of electrodes 15a-15f are selectively energized. When the 
alternating-current voltage is applied to the electrodes 15a-15f T 
piezoelectric elements 14a-14f are repeatedly bent according to 
the applied voltage. Bending vibration is excited in displacement 
mechanism portions 13a-13f due to bending in the piezoelectric 
elements 14a-14f. Using the vibration as driving source a moving 
body 1 7 moves from the fixed ends to the free ends of the 
displacement mechanism portions 13a-13f, that is, from right to 




left The moving body 1 7 is brought into contact with a driving block 
1 1 under pressure by self weight, and an electrode 1 6 is grounded. 
However, even if the actuator is connected to a pole opposite to 
the voltage applied to the electrodes 15a-15f, the actuator can be 
operated. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The displacement device section which has the free edge which it is prepared in the interior of an 
actuation block and said actuation block, and carries out movable freely to said actuation block, and the fixed-end 
section fixed to said actuation block, said variation rate — the piezoefectric device joined by one field of the device 
section, and said variation rate — the electrostrictive actuator characterized by having the mobile in contact with 
the field of another side of the device section, the electrode joined to said piezoelectric device and electric target 
and the voltage source energized to said electrode. 

[Claim 2] The electrostrictive actuator according to claim 1 characterized by having prepared two or more said 
displacement device sections in said actuation block, and arranging the direction of the fixed-end section of two or 
more of said displacement device sections, and a free edge with an one direction. 

[Claim 3] the inside of said actuation block — said variation rate — two or more device sections prepare — having 

— said two or more variation rates — the first variation rate with which the direction of the fixed-end section of 
the device section and a free edge was arranged with the one direction — device **** and said first variation rate 

— the second variation rate with which, as for device ****, the direction of the fixed-end section and a free edge 
was arranged with hard flow — the electrostrictive actuator according to claim 1 characterized by having device 

[Claim 4] Said first displacement device **** and said second displacement device **** are an electrostrictive 
actuator according to claim 3 characterized by not being arranged on the same straight line. 
[Claim 5] The first displacement device **** by which two or more said displacement device sections were 
prepared in said actuation block, and the direction of the fixed-end section of two or more of said displacement 
device sections and a free edge was arranged with the one direction, The second displacement device **** by 
which the direction of the fixed-end section and a free edge was arranged with said first displacement device **** 
to hard flow, said first variation rate — device **** or said second variation rate — the third variation rate with 
which the direction of the fixed-end section and a free edge was arranged in the direction of the fixed-end section 
of device tttt t and a free edge, and the direction which intersects perpendicularly in the one direction — with 
device **** The electrostrictive actuator according to claim 1 characterized by having the fourth displacement 
device **** by which the direction of the fixed-end section and a free edge was arranged with hard flow with said 
third displacement device 

[Claim 6] the variation rate which has the fixed-end section fixed to an actuation block, and the free edge which it 
is prepared in the interior of said actuation block, and carries out movable freely to said actuation block and said 
actuation block — the device section and said variation rate — the electrostrictive actuator characterized by to 
have the piezoelectric device joined by one field of the device section, the electrode which were joined to said 
piezoelectric device and electric target and the voltage source which energize to said electrode. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the small actuator which used the piezoelectric device. 
[0002] 

[Description of the Prior Art] What the front face of the oscillating object which consists of an elastic body as a 
general electrostrictive actuator conventionally, using a piezoelectric device as a driving source is made to carry 
out application-of-pressure contact of the mobile, and is driven is known. As the example, the micro motor (a 
patent application disclosure number and JP,7-184382» to which a body is moved is raised. The electrostrictive 
actuator has many examples which constitute the friction material which excelled [ elastic body ] the metal in 
abrasion resistance from points, such as the processing approach, in PZT at the sliding surface of a mobile at the 
piezoelectric device. 

[0003] The principle of operation of the conventional electrostrictive actuator is as follows. The piezoelectric 
device by which polarization was carried out to actuation is prepared in one field of a rectangular oscillating object, 
and electric field are periodically impressed to a piezoelectric device. 
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TECHNICAL FIELD 

[Field of the Invention] This invention relates to the small actuator which used the piezoelectric device. 
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[Description of the Prior Art] What the front face of the oscillating object which consists of an elastic body as a 
general electro strictive actuator conventionally, using a piezoelectric device as a driving source is made to carry 
out application-of-pressure contact of the mobile, and is driven is known. As the example, the micro motor (a 
patent application disclosure number and JPJ-184382A) to which a body is moved is raised. The electrostrictive 
actuator has many examples which constitute the friction material which excelled [ elastic body ] the metal in 
abrasion resistance from points, such as the processing approach, in PZT at the sliding surface of a mobile at the 
piezoelectric device. 

[0003] The principle of operation of the conventional electrostrictive actuator is as follows. The piezoelectric 
device by which polarization was carried out to actuation is prepared in one field of a rectangular oscillating object, 
and electric field are periodically impressed to a piezoelectric device. Longitudinal oscillation and a bending 
oscillation excite by this, and it is spread to the whole oscillating object, and is transmitted from the phase contrast 
of impression electric field to a mobile as a progressive wave. Vertical motion is changed into this progressive wave 
by lateral motion with the thickness of an oscillating object, and it causes ellipse motion to an oscillating body 
surface. By carrying out application-of-pressure contact and installing a mobiie in an oscillating object, the frictional 
force between a mobile and an oscillating object tells longitudinal direction motion of an oscillating body surface to 
a mobile, and a mobile exercises. 



PRIOR ART 



[0004] 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As explained above, according to this invention, the miniaturization of an electrostrictive 
actuator is realizable. That is, the electrostrictive actuator of this invention prepared the displacement device 
section which has the free edge where the fixed-end section which had the end fixed to the interior of an actuation 
block by actuation block, and the other end were separated from the actuation block, and was taken as the 
arrangement configuration which stuck the piezoelectric device on this displacement device section. AH the 
troubles about the height part creation from which the amount of [ in contact with the actuation object which was 
indispensable to the conventional electrostrictive actuator ] height became unnecessary and it became [ creation ] 
a problem from this to the miniaturization are avoidable. 



[0047] 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, when the conventional electrostrictive actuator is miniaturized 
as it was, there are many troubles which influence actuation capacity. Since the flexural rigidity of ** oscillating 
object with which process tolerance with creation of the minute height in contact with ** mobile high at the head of 
a difficulty ** height as the trouble is demanded is large, it is raised that the conversion efficiency between 
vibration-amplitude-passing speed falls etc. 

[0007] For this reason, in having miniaturized the electrostrictive actuator as it was, a function equivalent to size 
could not be expected conventionally, but implementation of an electrostrictive actuator miniaturization was 
difficult This invention removes the above troubles and makes it possible to miniaturize the electrostrictive 
actuator itself. 
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MEANS 



[Means for Solving the Problem] In order to solve the above-mentioned technical problem, the electrostrictive 
actuator of this invention made the actuation block the thin plate configuration, created holes, such as U 
characters or horseshoe-shaped, inside the actuation block, and prepared the displacement device section which 
has the free edge separated by this hole from the actuation block and the fixed-end section fixed to the actuation 
block And the piezoelectric device of a thin film configuration is stuck on one front face of this displacement 
device section. By impressing an electrical potential difference periodically, a piezoelectric device repeats 
deformation according to applied voltage. A mobile or a base, and the fractional force between electrostrictive 
actuators occur, and it becomes driving force because the displacement device section carries out a crookedness 
oscillation according to deformation of this piezoelectric device. Thus, the electrostrictive actuator using the 
displacement device section of a thin plate configuration and the piezoelectric device of a thin film configuration of 
this invention can solve the technical problem of a miniaturization and thirr-shape-izing. Moreover, since the 
displacement device section is constituted from a thin plate configuration, flexural rigidity can be made small and 
the conversion efficiency between vibration-amplitude-passing speed improves. 
[0009] 



http://www4.ipdl.ncipi.go jp/cgiHDin/tran^web^cgLejje 



2006/04/20 



w)B*mmft (jp) 



02) & Pi 4# fF ^ ^ (a) 



-98866 

<43)&B8B ¥J&11¥<1999)4S9H 



(5i)inta. s mnm f i 

H0 2N 2/00 H0 2N 2/00 C 

H01L 41/09 H0 1L 41/08 C 

J 



(21)fflS#t 


WHT9-251026 




000002325 










(22)ttOBB 


¥&9#K1997>9H16B 




=fH8a=ffH*|^K>Fj81 ti asm 






<72)§8«# 
























(mam 


































=f ^=f 1 T B 8 #a -fe 














(74)ftSA 













(54) K#|4>£»] ffST^^X-* 



(5?) GE»] 

[nun £E«7*?ax-*e^aflrr«. 

Wv^waWROBByp y » J: Off OH 
£<B*&#fc:«k0* #Ibft*>L<«jE 




(2) 



#$¥11-098866 



*EK»:/n**rtafc»tt£*L f»EBft:/ay*K: 
£tifcB^B*#r*XttWSB£. 

NEBS eatttftttEX* £ fc ZttWLtTZ 

2 ] HftSEifclfr:/ a 7 jr ft icttBXttttffB* 

[0*13 } HEBk^n ? ?ftlc^&ttflUllB*s 
MES^«tt«US«»^»ie«r«ilcS£«S^i 
ta*« 4 ] ttEJB-«D«tt«««Bi:fi»E»-(DSe 

ttE«H<o3etttt««»^:»ie»n(cB%Nsa& 
?%c± 1 m.v>E&7 * ? a>x- 

9. 

# u g a ic Riiar s a &®mt mesm^o ? * was 
3nfcfl£ttae*?*K&B4i»&. 

»E«aca«r<5«E«i:t«iLfcj:t*w»fr* 

ES74?*aX-*. 
[0 0 0 1] 

imvmtztmftm zom\t> eb*76ii» 

[0 00 2] 



<#*FtBBan*^ ' »W¥ 7-1 8 4 38 2) 

(0 0 0 3) ^OjEST^^iX-^OBfPJKaJi* 
10 lM*O-*0»fcRtt, E«*?£HMttK1|*eBUa 

±T^Sft$^fS30>s®)«»^n, BflMfc&BtclRH 
d t |-«k 0 . M|:»l <*B®llM;b#tStt#&ft CO 
[0 0 0 4] £0£iJfcffi*©Efli7£5 1 a.X— ^tt, 

»B^B*afc&««B^«iiMiKa: 

[0 0 0 5] ffi*<DE«7£*»X-*"e 
[0 0 0 6] 

BMR*tJ)HklJ:3£T &BB] U*U $*<&JEm7 

[0 0 0 7] C0fc»E*7**jiX-*£*©**/jN 
[00 0 8] 

{RB*jR*T*fca0¥R] ±EWB***T*ft» 
#BW69E«7*^JtX-*fcL BS^nyjrSjJ 
^WRBttfcU K»^ny^rtaicU*feU<tt3* 

50 afctfT^gttflWBSIWfc. ^LT. C(0^«H 



#DMM 1-098866 



[0 0 0 9] «ifcio*. «RoXffilHW«UI7D- 

-c, »»#©a«:e8Ma^Bjfl8ic)&:^. z<om 

COO 1 0] 

*Et87*^aX-ir*^-r«SBT 1 **. 
[0 0 11) E*7^^x-^H »«<r:/ny*i 
L fft*f 14a, 14b, 14c, 14d, He 
*5<fctfl4f, ESS^l 4a-l 4 f £««ttfc»& 
*tlfc«Sl5a, 15b, 15c, 15d, 15efe 

^isf, u:/ny» 1 1 twffiizy&ztutn 

^t>U<tt3^fflfe£fl>7tl 2 a* 12 b, 12 c, 1 
2d, 1 2e£<fctfl 2 f. ftl2a~»12 f\Z&r>* 

n-enaoffl*nfc*tt«tt»i3a, i3b, 13 

c, 13 d, 1 3 e*5J;tfl 3 f, XffiflHRSl 3 a~ 
1 3 f fc*ft*ft»e*ttfcE«**l 4 a-1 4 f 1fi 
Bflt3*lTt*ft« ^-UT, ^[Sl 5a-l 5 f Klip ? 
</t-19£, H9-fyt-19lCttff#58t»2 0*» 

KU Mi ecttttl"*. 

[0 0 12] *LT> M*-Tl4a-14 f#&&£ 

7 assist*, cmwift 1 7 mmyoyz 1 1 1« 
mm 3 a-i 3 f wujuy ir i ic»ta*fc 



oy^i i©rt«fc?i?aEU «»yay^ 1 ih»ut 

1 3a- 1 3 fOB£«S^:gA«ff 

[0 0 1 31 C©flE«7^^3.x-#©«ld£lc, 
£S1 9^eai*LfcSS««BE*K9-f^-2 0rcA* 

fcfblC, ffl»*<5*Sl 5a-l 5 f ©-«fct,<tt 

10 5 f fc«**ff#H]tt;Sn*fc, JEtt*Fl 4 a - 1 4 

4 a-1 4 f OJMfccfcO, X&4MMU 3 a-1 3 f 

tzmfatmifia&tz. zommmM&tur). &® 
#1 7»KttimBi 3a-i 3 f®nenM»6a& 

[0 0 14] 0bV)8lMR»iTetiD»Ibff3gioK91<D 

X^VUXSWfc, E8*?14a-1 4 ffcttPZT 
»K«*ffiUfc. m>?Uy>7 1 1 <k«£Lfc«Sl 6 
20 HnrSfctoH, IB^7^ 1 ltt*«ffT?^«2: 
tjJf^RT**. fc«U BEm^P i4a-14f-» 

»#i 7bbs«*, a»*t?^®«3gfc-rn«, $b*< 
[0015] e:j:T««ti 6&«»Ufc#, nmis 

a~l 5 f fcWftir*«ffit««lC«jttLTt). d<DE 

*7*^:ix-*tt»fFf a. fcfc* flUn*EK:|»bT 

£fc> EM*SK»T*fc&0«ES*lfl 
ttfc*». te«®^$ffiffltTt>ES7^^o.X-^ < i: 

[0 0 16] *E«7£^jLX-*0B«rfctt, 
1 7 1 3 a - 1 3 f OjbOEfitt^S 

#£n*, #sm*i 7©aafc<k08»^a 

1 i i:iDffi4B»S-frfc. LfrU affiK£5fc^~ 
£<&$j$E£ft£2#£fc«K &Ib7ny£ ii % mz 

&&m®& 1 3 a - 1 3 f 1 1 ^tmmm^ 

[0 0 17] ft*>\ C©JEffi««»ai 3a-l 3 f *# 

40 rSffi«7ir^aX-ir* % IBI«>MtOmi40J:9 

fcJHtiS&, Em7^5 1 aX-^e*^SSl 8±*itt 
«a»f*««t>nJfl6T»S. ^&«3tS^13a 
-1 3 f ««SEBL«:«ft. **lf£E«*? 1 4 a- 
1 4 f &H,T»&Lit9M 1 5 a - 1 5 fT^Xlzn 

[0 0 18] ft*. C©«tt«««B13a-l 3 f 

50 ]BBAt<5«AfciVttT*«. 



(4) 



#$¥11-098866 



[0 0 19] EM72?oL^-*0Mtftt*mM<om%il 

tesztitimmi 5, &®?uy>7 1 1 t%mto\z&& 

*VO>*. *l/t\ «S16««ttU «S1 5fc«fl: 
[0 0 2 0] ^ 2 fc:fe^T«S 1 5 \t?E<D&mn&lZ J: 

otiSts^, «Bi 8 ttttttdtrctr**. ^o® 

EKB0P& EE** 1 ? 14f*BHMH 7C»LTH»^H 
BT*. «EE*iO*n«. EMKPKL *©7C©»tt 

[0 0 2 1] flEfHHF 1 4 tc2KfUE^£AM«^«EE 
B»^ny?ih ttfc^Bttgl3£*»»17e 

* 1 7 tun-a c twmx&z. 

[0 0 2 2] |MM*:i 7 2:XttttWS 1 3 &<D« 
■KBIT. H2T«Ktt««ISl 3&ttttr5«»ft: 

[0 0 2 3] (£E«7£*aX-*fc/BU*«ft|I0tt*> 
K«) B3l*» *«W*>m«7*^aX-*<D««®18 

-2 0^irK*58W©E*7d?^X-^2 1 



tfTrfc*, «*WB*B1 9ttl*7-f/t-2 0fcBBU 
E«7^^iX-^©t>O-*(0mffil 6 

[0 0 2 4] 9^»***fc*#ttH7-f 
/t-2 0£A#2*l£o F5-f/*-2 0ttCOfi#*« 

fcWEEfc*UT\ EE«#? 1 4*J:tfie&««« 1 3 # 

[0 0 2 5] £ETtt*ttl6«ttJfcWM<. ®S15 

[0026] mmvmwi 2) ®4\*. ft&m®&&u 

20 BlSl»l?*S*56W©B£*7^^aX-^©«aB"e 
fc*. IEfl7**a.x-*MU mWrtuytl 1, E« 
S^14a. 14b, 14c*Wl4d,ff«*f 1 
4a~14d<fc«fi»fc«**nfc1ttffl5a, 15 
b, 1 5c43<ktfl 5cL M^Dy*l 1 
8£*nfc«S 1 6 £T«Jto**i*. Wft^n?* 1 1 
<OtomzXZ\}^\s<\*^MU£®Kl 2 a, 1 2 
b, 1 2c*5<fctfl 2d. 7U 2a~-l 2d££09J9 

asnfcat««»i3a, i3b> i3c£<fctfi3 

d v miLfflm 1 3 a - 1 3 d fctf^SftfcEMH 6 - 1 
30 4 a~l 4djWEfi«nTtt*. *bT, SI15a- 

[0 0 2 7] :©MIMMl3a-l 3dtt, 

^ 1 1 tffl^*nfcBft««**-rs. *fc«ttws» 

13a-13d«®ljyuy^l 1 flDrt«fc#fil^ |g 

40 tt&?z2mmofa2£tsLZ>&5mm7uy>ri nee 

itT^o ^*0^4 4»Ttt, *tt««»13ail3c 
tt£ttMB£BmB®#A*£*.TEAU «0<0^ 
«Omi3b^l3d«. SffittfflSl 3a^l 3 c 
ii^«fcSaB»i:BSBB«>*lftfta^TEm- 

[0 0 2 8] ^OJiT, COBB^nyJl 1 ©jB£«* 
WSMteRTfcU Bftrayjr i i ©±Blc 

i it\mth»i 7 <om.xmffMf&hT^z>. 

50 T. ffiNt#£Bl 9*^K7<;X-2 0$MT, «B I 



(5) 



5 a^l 5dfc*«WE*BMHlT$. C<Dt%, H5-f 
A — 2 0 ttmJEE£ii®-rs-~;£, Sttttttft 1 3 a - 1 

*«* 8Mi0teCEBSnfc£ttatt*l 3a, 13 
c omffi 15a, 1 5 c <D*fc'i6JB££S)2jn t , 

13d©*ai5b* 1 5 d0*fc«E€8iiirt"*. 
[0 0 2 91 *fc, |4^«Wl3ai:13d 
fcb<ttl3b£:l3c4><k? § f&*835£ 

mmzmmzzt^ wmi 7oaBDbffira£ 

ft*. ttoT* K**f;t-2 0fcJ:*X*f 
fc£9i:<&&tt««ffll 3a-l 3d^M*«KRC& 

So *lt, 2«a©iEfia*w*oiett««ai 3 a- 

sa • acxaa**ira&T*«07fts. 
[0030] nc-efiL %m?uy9 1 1 £«x 

fc. mmzfayt? 1 1 twt&«ii6ta«t*fc 

So fc*U E«**l 4-»»*l 7H««f|c« ^ 

[0 0 3 1] dCTWtmai 6*«»bfc^ tBIll 5 
a- 1 5 d »cB3fti1"5«E^ffiK:*aUTt>, c^E 
aTar^aX-J-ttlHW"*. ft*, Wifl*Efc:MUT 
fc, CCTHU £««E£flH)OLfcj^ »a*>/t;ux-i? 

1 7 1 3 a - I 3 d OJnEaKPK 

#sn*. cctn #i6#i 7ogaic£omsfr:/a 

9* 1 1 ttt&m&Sltit. WMrfuyt 1 

1, «C«fitmi3a^l 3d<fc#l#l 7*»E 

ft^-3eo)jBana£€jnflE-ct«* Lfc^r, e«7* 

*aX-*£»IH*0±TftBH»fc*&t\ fMMti 
[0 0 3 2] *fc, ^»frl7taft«tt«13a-l 

3 atmmmvx. mmtm&mmi 3 a -i 

3 d &tttt^9n» 1 7 9jtKn¥lTt L 
fco US>U afteimatttf*aatfD7»lcEB« 

o 2 aaaxaaas 1 3 a - 1 3 d «rr*Ea7 * 

?ai-^, a*0*«*>»»4©J:3ic«v>*£* 
[0 0 33] <XJK0«1I3> H5I*. 3 6 0° ffg# 

r£)^o^^*ckt;0l^^^^ft*%^©sm7^-? 1 



aX-^<^»Tfe§. E«7*^:tX-*©«fifc 
14. §I«K®»B1 fcHttK* WS^nyir l l . mm* 
f 14a, 14b> 1 4c*£tf 1 4d, EfSvtHM 4 
a-14dfc«a«fc«S$nfc«il 5 a, 15 b, 

1 5c*J;tfl 5d, mfofnyti 1 

SttfcmS 1 6 &7*JH&n*. Bft^ny ^ 1 l<0rt 
«fc»U*t>L<«3*aift^O?tl 2 a, 12 b, 1 

2 c*£tf 1 2d, A'l 2 a-1 2 d D^JOmSn 
fc«MMft»13a, 13b, 1 3c*J;tfl 3d, X 

10 #««S1 3a~l 3dfc«**WfcE«#P14a^ 
14d#EBS*lT*>3. C08fflWI»13a-13 

1 3 a- 1 3 d ttffi»:/n 9 * 1 1 4>rtSK 
KlfiFftU a»?ny*l ll;;*fLTg&BS#£»fc& 
V>. *l/t\ Ml 5a-l 6dfct*K9-f/t— 1 9 
F~KA-1 9fctttt^«4»2 0*»«U ttS 

1 6 

[0 0 3 4] CCT, 4^jEtt«M»«l 3a-l 3d 

4tUM)MEMa7uy9l lfcBBT*. tit. IE 
JE»©fiI*fciaH*tlfc2ao*&»»ttl 3a«hl 3 

«£2nfcH*TfcU H»:/Dy*l l<D±Hlc#» 
#17£fS:(gTa. ^cD&Ibfl:! 7tii^D^^l 1 
h\mm&\ 7<&@fiTlWEfcttLT^S. 
[0 0 3 5] «4X£ai 9*&K?-f/*-2 

0 £&T, M i 5 a- 1 5 d lcX««E*»*rrs, 
30 F7-f/X-2 0tt«ffi*«(ffr*--*. SEtt 

MMftl 3a-l 3d WSUT, X-fyf\^S> 
®mZ%lt?* •O&Q* ■6<t>tfMk»l 7£*fc#IS 
■TSii^tt, afi«s^i:EK«n^Ktt«MI»13a 
om^i 5 aO^:H^-f^~2 0W:mflE^£|lilU, » 
IM**£lcSIW*£*tt, *©iBSl#©«ffi**« 1 
3c^il 5 c^tettffifeWlni-r^fe^T*^ * 

40 nas«*<Es$nfe^««»i 3 d<o®si 5 dco 

[0 0 3 6] 7 OgS»«^Xtt»na 

zxvfflB*K&mt<ntt2tmmi 3 a, 1 3 bco 

Sgl5a, 15 blrlE^Wt^. *UT, ^O^J 
50 ttttl 3aO«ai Sa^toWtomBcilttZt* S 



<6> 
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[0 0 3 7} E&t&%m\zmmi£nit&ftmm® 

13a«hl3c. *>b<«l 3 btl 3 dfcpm&BB 
?Zt. 1 7 ttHKaUrT*. Ctitt, jEJE*M> 

A^OttllM 1 3 a £ 1 3 c , 1 3 b <h 1 3 dMI 

®±T3 6 0* «a*rtiicKa . fgu&Bttr 

[0 0 3 8] fc*3. C^Tfct, B»7ny* 1 IfcttX 
5r> |/Xfl#£* ffm*^ 1 4 a - I 4 d tCteP Z Tft 

[0 0 3 9] C«ttMl6ftftttl/fc^ W15 
a-1 5dK9J»I"ra«E£i:**«fciftHUrt). £<&E 
i7^fax-^»t§. ft*. HttnBffifcBLT 
fc, JiCTtt, £««E*Bttnbfcj^ WBo/WXT 

&B»1 7'££ttttMBl 3©JBffi«MW***n«. 

7©&»fcJ:0B»:/n?*l l£ 
i»EB«*tffc. L*U Mc/D>y£i 1. mz%ii 

mm® 1 3 1 7 £tQEBtt£**/t*«®Biii 

Lfc^oT, E«7*^:iX-*£g«*0J: 

[0 0 4 0] d<0 4a«(03Ctt««»13a-l 

4(D*5fcfflH*<i:, Efg7i^aX-*i#:*«S»l 
8 ±£3 6 0* ttS^^CDJB»-iHESi(rr*«}fi6*> 

[0 0 4 1] ff«7*^a.X-*tt, m®?Uy>? 1 
1, BEBX71 4 a, 14b, I 4 cfc^tfl 4 d, E 
*»Ti4a-i 4di«Wfc»£aftfc«Bi 5 
a, 15b. 1 5d, BB7Dy*l it 

«ftttCtt**tlfcttl 6tT?««Sti«. SgKr^a 
?2 i i©rtBK:ttu*t>b<tt3*fflja:£«)^i 2 

a, 12b, I2c^l2d, A'12a-I2dl: 
*DWB«3nfc«ffi«M«l 3a, 13b, 13cfc 
J: 1 3 d , B&ttfSB 1 3 a - 1 3 d fc»^*nfcEE 
mm=Pl4a~~l 4d*t8E@;&ttT^*. c®£4MM* 
SI 3 a-1 3dtt. mWlvvO 1 l£*Jb9l&KW 



■TdgaNM&BM^ny* 1 1 CBSStifcHttB 
B**T^ £fc5£ft«$g&l 3 a*~l 3dttB»^D 
y£ 1 1 ©rtBfciWEU 1 1 Cttl/CM 

fi«»*»fc&^. *bT, *ilSa-15dl:ttH 

BKU «®1 6*«*T*. 
[0 0 4 2] K±©*dl©E»7*^aX-^ftE«* 

1 5 a - 1 5 d fc3aS«E£9inrr3£, JE^Ht^ 
10 1 4 a-1 4 dttBWBEfcJSUT, Btt^BOST. 

1 3 a-1 3 dKlftifji»*«Bfi*tl. BiW*. 
BBftBUMtettO. E«7*^»x-*^tt«fcB 
BSl 3 a-1 3d©Hfitt«*&e*SI»^l«l^5* 

a. ^*DB40fe*^*A^arr$. 

[0 0 4 3] fcfc, ««<DBB3C!><fc5K:, KttBIMB 
1 3«>HfiB»i:SSBB0A**»*ilCftte»^v B 
K<OXttttWB 1 3 £|PMfctt±£Efi bfe^ CtT, 
SSI 8 ±£3 6 0* £S:frA^<&»»fcJ:traKilS» 

20 r*E«T*^x-*t>3«nr*T»*. fcfc, 

r>l/^«Hf^ E«*-T14a-dfcttPZTaK* 

a/fib*:. nya^niMuiii sksm 

B"C»*. fc«U EBWfl 4a-d~S»18ra«: 

[0 0 4 4] CCTttBBl 6£ttJftbfcrt«, BB1S 
a-1 5dfc9iJI-r*«ffii#Bfc»«bT^ Z*(DJ£ 
30 «7*^aX-^ttSM^-rft. WlBBEfcBbrt). C 

ft*. #E«7^aX-*eDBBfctok BBl 

8t«tt««»i 3a-d<oiioEttHi*qs*afn*. c 

^■Ctt, EE<&7Zr7p-3:-*<D&m\Z£r>mWj7ny!7 
1 1 1 8 S«M^tfc. M?n y 
^11, ^fc^OTISSl 3a-l 3dtSftl 8«D 

E^^-fr^A^ofiiBSftiinract-e. smtcfc 

&&:^-BOBIfeE«lDEE a e*«. Lfc^T, E€7 
^f 1 AX-^tlHM|eo±T<WW«IC*6r, £E^7 

40 ^^jtx-^^BB-rs^^wprttr**. 

[0 0 4 5] tfc, SBl 8^Bfitt«ISX 3a-l 3 
dfcoBBfcBUT, H6TttBfil[BBai 3 a-l 3 
a£&M?%mi 8«B»B*¥BTBtoUfc. 

b, y ^ » 
S-o©«ttBB»ttt»UTV^tiaB»-e#*. 

[0 0 46] 

B^<DE®7^^a.X-^«, B»^Oy^rt»K:B»y 
50 Dy^K-»*H«^nfcBe»»tiBB»*B»yn 
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[0 0 4 7] *fc, ¥*?g«0!)^ft«»»tt»ltt^« 

<3> **WOffi«7^? i aX-^l«**«BfiRTi[ 

® *«WO£E«7^^aX»-^tt«^««iW*Ta 
tGnftBOTHISn*. 

©*«w©ffi«7^^ax-^tt^«ffiaias-e3 

@ »»#t>b<»4JE*7^^a.x-^a#«)e«KJ: 

<s> *y*>97utt^xmm&&ifimi^miit 



5, 

m i ] **woffi*7* ^ax-^©» i wmm ■' 

effJiEB 

[02] ^^(DJ3E^7^5 L ^x-^cOi[!^Jg3i^ 
m 3 ] *5MH©E«7*^aX-*0*»3KB 

[B 5 J *%«>g<DE«7 ^nX-* (OSS 3 V^MM 
<D»«B 

» 6 ] *5wi©]be*7 * ^tx-* 4 onmm 

l l «7n?# 

l 2 ft 

13. XttBBB 

14 EE«*-? 

1 5 ffi**^*£3nfc«B 
16 B»:7ny*£^3ttfc«i 
17 

is m& 

2 0 K9-f/t- 
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